Robust evidence has accumulated showing that individuals who develop schizophrenia are at elevated risk when compared to the general population to engage in violence towards others. This violence impacts negatively on victims as well as perpetrators and poses a significant financial burden to society. It is posited that among violent offenders with schizophrenia there are three distinct types defined by the age of onset of antisocial and violent behaviour. The early starters display a pattern of antisocial behaviour that emerges in childhood or early adolescence, well before illness onset, and that remains stable across the lifespan. The largest group of violent offenders with schizophrenia show no antisocial behaviour prior to the onset of the illness and then repeatedly engage in aggressive behaviour towards others. A small group of individuals who display a chronic course of schizophrenia show no aggressive behaviour for one or two decades after illness onset and then engage in serious violence, often killing, those who care for them. We hypothesize that both the developmental processes and the proximal factors, such as symptoms of psychosis and drug misuse, associated with violent behaviour differ for the three types of offenders with schizophrenia, as do their needs for treatment.
VIOLENT CRIMINAL OFFENDING AMONG PERSONS WITH SCHIZOPHRENIA
There is now robust evidence demonstrating that both men and women with schizophrenia 1 are at elevated risk when compared to the general population to be convicted of non-violent criminal offences, at higher risk to be convicted of violent criminal offences, and at even higher risk to be convicted of homicide ( Wallace et al. 2004) . For example, we examined a birth cohort composed of all the 358 180 persons born in Denmark from 1944 to 1947 followed until they were in their mid-forties. We excluded those who had died or emigrated before the end of the follow-up period. The official criminal records of cohort members who had been admitted to a psychiatric ward at least once with a discharge diagnosis of schizophrenia were compared with those with no psychiatric admissions. The risk of a violent crime was elevated 4.6 (3.8-5.6) times among the men and 23.2 (14.4-37.4) times among the women with schizophrenia when compared with those with no admissions to a psychiatric ward (Brennan et al. 2000) . Similar elevations in risk have been documented among persons with schizophrenia identified in other birth and populations cohorts (Hodgins 1992; Tiihonen et al. 1997; Arseneault et al. 2000; Wallace et al. 2004) . While fewer women than men, with and without schizophrenia, are convicted of crimes, schizophrenia confers a greater risk for offending among women than among men.
This association between schizophrenia and violent offending is robust: it has been observed by different research teams who recruited samples from countries with different cultures and health and justice systems, and who measured the association of schizophrenia and offending using different experimental designs including longitudinal investigations of birth and population cohorts, comparisons of people with schizophrenia and their neighbours, and diagnostic studies of random samples of convicted offenders. There is no evidence to suggest that the elevated rates of violent offending among persons with schizophrenia when compared to the general population result from discrimination on the part of the criminal justice systems in the different countries where these investigations have been conducted (for a discussion, see Hodgins & Janson 2002) . It is important to note that these convictions result from crimes that have been committed in the community and not in psychiatric wards, where aggressive behaviour towards others rarely, if ever, leads to criminal prosecution.
Results of the epidemiological investigations are consistent in showing that the proportions of persons with schizophrenia who commit crimes vary from one study to another, while the elevations in risk among those with schizophrenia when compared to the general population are similar (Hodgins 1998) . In countries with high rates of violent crimes, proportionately more individuals with schizophrenia have convictions for violent crimes than in a country with lower rates of violent crimes. This observation suggests that at least some of the factors that contribute to violent crime in the general population also influence violent crime among persons with schizophrenia. The proportions of persons with schizophrenia who acquire convictions for violent crimes also varies by time period, reflecting differences in policies regarding diversion of mentally ill persons accused of crimes from the justice system to the health system (for further discussion, see Hodgins & Janson 2002) . Most violent offences committed by persons with schizophrenia are assaults. While homicides attract much attention from the media, they are rare. In some countries, all persons accused of homicide undergo thorough psychiatric evaluations prior to trial. These evaluations have been used to estimate the proportion of homicides that are committed by individuals with schizophrenia and estimates vary from 6 to 28%, indicating substantial variation from one country to another and within countries by time period (Erb et al. 2001) . Because the number of homicides varies greatly from one country to another while the prevalence of schizophrenia is relatively stable at just less than 1%, the numbers of persons with schizophrenia who commit homicides differs across countries. Thus, the proportion of persons with schizophrenia who engage in violence varies by place and time period, but evidence shows that it always remains higher than the proportion of offenders in the general population.
WHY DOES IT MATTER?
The findings reported above reflect a huge amount of human suffering, on the part of the victims and their families, and on the part of the perpetrators. Schizophrenia is a devastating illness that, in most cases, limits most aspects of functioning through adult life (Mueser & McGurk 2004 ). The evidence now shows that some of those who are stricken with this brain disorder present a propensity for engaging in aggressive behaviour towards others which leads to further negative consequences. In addition, individuals with schizophrenia are more likely than the general population to be the victims of crime (Teplin et al. 2005) , and particularly of assaults, and one of the strongest predictors of physical victimization is their own aggressive behaviour (Walsh et al. 2003; Silver et al. 2005; Hodgins et al. 2007) . Violent crimes committed by persons with schizophrenia matter also owing to the associated financial burden they place on society. Studying violence 2 among persons with schizophrenia will inform the development of treatments and prevention programmes aimed at reducing such behaviours and, perhaps, further understanding of the brain mechanisms involved in aggressive behaviour.
People with schizophrenia are commonly perceived as unpredictable and dangerous (Crisp et al. 2005) , with public fears outweighing the actual risk of being injured by an individual with severe mental illness (Steadman et al. 1998) . Public perceptions of dangerousness, regardless of their accuracy, play a central role in fostering stigma (Link et al. 1987) . Consequently, violence committed by some individuals with severe mental illness promotes stigmatization and rejection of all persons with severe mental illness. Stigmatization may affect diagnostic decision making and treatment (Walsh & Fahy 2002; Clark & Rowe 2006) , pose barriers to recovery and integration in the community, and compromise quality of life (Link & Pelham 2006) .
IMPLICATIONS OF VIOLENT OFFENDING
AMONG PERSONS WITH SCHIZOPHRENIA Treatment of persons with schizophrenia which successfully reduced aggressive behaviour would contribute to lowering rates of violent criminality. As noted above, it would reduce not only the homicide rate but also the rate of other forms of violence. For example, in the Danish cohort described above, 2.2% of the men had severe mental illness and they committed 8.4% of the physically aggressive sex offences, 9.0% of the nonphysically aggressive sex offences, and in all they comprised 8.1% of the sex offenders (Alden et al. 2007) .
Given the numbers of persons with schizophrenia who engage in violent criminal offending, there are important consequences for both the health and criminal justice systems. Adult mental health services provide care for a subgroup of individuals with schizophrenia who present high levels of violent behaviour. For example, we recently assessed a sample of 205 inpatients with severe mental illness from a UK inner city mental health trust, most of whom suffered from schizophrenia. The patients were, on average, in their late thirties and more than 80% had previously required inpatient care. Official criminal records indicated that 46.7% of the men and 16.5% of the women had at least one conviction for a violent crime, and on average the violent offenders had each been convicted of more than two crimes. The 82 men with criminal records had committed 1792 crimes and the 23 female offenders had committed 458 crimes . The risks of conviction in this UK inner city sample of patients when compared to the general UK population were similar to those observed in comparisons of severely mentally ill inpatient and general population samples in Sweden and Denmark. This subgroup of patients with a history of violence presents a challenge to general mental health services. Some of these patients are transferred to forensic inpatient services that have dramatically increased in capacity, not only in the UK, but also in several other European countries (Priebe et al. 2005) . Most forensic beds are occupied by men with schizophrenia (Hodgins & Mü ller-Isberner 2004) .
Many persons with schizophrenia are incarcerated (Davies 2004a-c) . Rates vary from one country to another, and within countries from one time period to another, depending on policies designed to divert the mentally ill accused or convicted of crimes from the justice system to the health system. In studies of inmate populations, rates of schizophrenia are much higher than rates for age-and sex-matched general population samples ( Fazel & Danesh 2002) . Within correctional facilities, people with schizophrenia fail to obtain adequate and appropriate treatment for their illness and are frequently physically abused (Wolf et al. 2007) .
Also consistent with the epidemiological evidence on the elevated rates of violent offending among persons with schizophrenia is emerging evidence that antisocial behaviour in adolescence is a precursor of schizophrenia. Robins (1966) was the first to note that a disproportionate number of adolescent delinquents subsequently developed schizophrenia. A recent study in Denmark examined a cohort composed of all the offenders aged 15-19 years in 1992. Of the 780 persons who were still alive in Denmark in 2001, 3.3% had developed schizophrenia as compared to the expected 0.7%. The odds of developing schizophrenia among those with a history of violent criminal offending (as compared to those with only non-violent offending) was 4.59 (1.54-13.74) (Gosden et al. 2005) . We have compared a sample composed of all the 1992 individuals who as teenagers contacted a clinic for substance misuse in a large metropolitan area of Sweden in the years [1968] [1969] [1970] [1971] [1972] , and compared them with a randomly selected general population sample matched for sex, age and birthplace. By age 50, four times more males and eight times more females in the clinic than the general population sample had been hospitalized with schizophrenia (Hodgins et al. in preparation) . These results are consistent with the epidemiological investigations cited above that identified antisocial behaviour prior to illness onset among a subgroup of offenders with schizophrenia (Hodgins 1992; Wallace et al. 2004) .
Thus, individuals who develop schizophrenia contribute disproportionately to violent crime rates. Presently, general adult mental health services fail to assess and manage their risk of violence or to provide them with treatments designed to reduce violent behaviour. More and more of these individuals are being transferred to costly forensic inpatient services (Hodgins & Mü ller-Isberner 2004) and are being incarcerated. Among adolescents engaging in antisocial and criminal behaviours, a disproportionate number develop schizophrenia.
SCHIZOPHRENIA IS ALSO ASSOCIATED WITH ELEVATED RATES OF AGGRESSIVE BEHAVIOUR TOWARDS OTHERS
An interview protocol has been developed specifically to assess aggressive behaviour 2 and victimization among persons with mental disorders that combines information from patients and collateral informants (Steadman et al. 1998) . Studies have shown that severely mentally ill patients report aggressive incidents at only a slightly lower rate than do collaterals (Steadman et al. 1998) . In our study of a sample of UK inpatients with severe mental illness described above, 41.7% of the men and 21.2% of the women reported having engaged in at least one serious assault sometime in their life, 49.2% of the men and 38.8% of the women reported having engaged in at least one act of physical aggression against another person in the previous six months, and 21.7% of the men and 18.8% of the women reported engaging in a life-threatening act of violence against another person in the previous six months. A study of a large sample of outpatients with psychosis found that one in five assaulted another person over a 2-year period ( Walsh et al. 2001) . Similarly, other studies of samples of outpatients with schizophrenia report rates of any physically aggressive behaviour towards others ranging from 8 to 77% during the previous six months and rates of lifethreatening violence towards others ranging from 0 to 40% . As noted previously, rates of convictions for violent crimes are lower among women than men with schizophrenia, but several studies suggest that the prevalence of aggressive behaviour is similar ( Walsh et al. 2001; Dean et al. 2006; Hodgins et al. 2007) . Importantly, the correlates of violent offending and of physically aggressive behaviour towards others when patients are living in the community are similar.
PSYCHOTIC SYMPTOMS AND VIOLENCE
Recent studies of large population samples indicate that psychotic symptoms are more common than previously thought (Stefanis et al. 2002) . One US study revealed that 5.1% of 38 132 adults reported psychotic-like experiences. The presence of psychoticlike experiences was associated with a fivefold increase in the risk of assaulting another person (Mojtabai 2006 ). Yet, the results of studies of the association of positive symptoms of psychosis and violent behaviour among persons with schizophrenia are contradictory (Appelbaum et al. 2000; Bjørkly 2002a,b) . The lack of consistency in the evidence results primarily from methodological features of studies including retrospective assessment of symptoms and failure to take account of other factors, such as previous violence, childhood behaviour problems and intoxication, that are known to be associated with violence (Appelbaum et al. 2000; Bjørkly 2002a,b; Hodgins et al. 2003) . There is some evidence that when positive symptoms are accompanied by depression or distress, the risk of aggressive behaviour is elevated, even after controlling for a previous history of antisocial behaviour 3 and current and past substance misuse Crocker et al. 2005) .
However, the evidence is consistent in showing that the correlates of violent behaviour during acute episodes of psychosis among patients hospitalized on a psychiatric ward differ from the correlates of violent behaviour that occurs in the community. Many acutely psychotic patients who are in most cases admitted involuntarily to psychiatric wards behave aggressively. The aggressive behaviour declines rapidly in the days following admission. Aggressive incidents on an acute psychiatric ward are as common among women as men, and unlike aggressive behaviour that occurs in the community they are strongly associated with confusion and thought disorder (Steinert 2002; Krakowski & Czobor 2004) .
Among people with schizophrenia, the lack of association between aggressive behaviour and positive symptoms of psychosis is not surprising if considered in light of evidence that psychosocial functioning generally is not associated with positive symptoms. Aggressive behaviour reflects a lack of interpersonal skills or simply one aspect of psychosocial functioning. Interpersonal skills, community activities and work skills are most strongly associated with performance on neuropsychological tests, negative symptoms and depression, and not with positive symptoms (Bowie et al. 2006) . We assessed psychosocial functioning among 248 men with schizophrenia living in the community that we had recruited from forensic and general psychiatric services. Psychosocial functioning was defined to include measures of independent living, occupational functioning, social and leisure activities, and the absence of aggressive behaviour, substance misuse and self-harm. We found that psychosocial functioning was associated with two static predictorslevel of education and past diagnoses of substance misuse disorders-and three current predictorsdepression, non-compliance with antipsychotic medication and experiences of physical victimization (Hodgins et al. submitted) . The results of this study confirmed findings from previous investigations showing that factors other than positive symptoms are most strongly associated with real-life functioning among persons with schizophrenia.
Our study, however, did not include a measure of cognitive impairment. Not only is the level of cognitive impairment a major determinant of psychosocial functioning, it is a core feature of schizophrenia. Deficits in cognitive performance characterize children and adolescents developing the illness, are present at onset of illness, remain stable over time and are largely explained by genetic factors (Cannon & Clarke 2005; Green et al. 2005; Toulopoulou et al. 2007; MacCabe et al. 2007) . While individuals developing schizophrenia and those already affected perform more poorly than age-matched healthy persons on all measures of cognitive functioning, among persons with schizophrenia there is wide variation in levels of cognitive performance. Thus, if aggressive behaviour is viewed as one aspect of psychosocial functioning, then like other aspects of psychosocial functioning it too is not strongly, nor consistently, associated with positive symptoms of psychosis.
A TYPOLOGY OF OFFENDERS WITH SCHIZOPHRENIA
Another reason for the inconsistent results concerning the association of psychotic symptoms and violence is that studies have compared offenders with schizophrenia to non-offenders with schizophrenia, thereby assuming that the offenders constitute a homogeneous group. The evidence, however, does not support this presumption. Among non-mentally ill offenders, findings have accumulated indicating that there are subtypes, defined by age at onset and persistence of antisocial behaviour that differ as to aetiology and response to treatment (Moffitt & Caspi 2001) . Among offenders with schizophrenia, subtypes defined by age of onset and persistence of antisocial behaviour are also apparent. Consequently, studies that compare violent and non-violent offenders obscure features that distinguish subtypes of violent offenders with schizophrenia such that findings are difficult to interpret.
We have been conducting a programme of research based on the hypothesis that there are three types of offenders who differ as to the age of onset and persistence of antisocial behaviour. The early starters display a pattern of antisocial behaviour that onsets in childhood or early adolescence and which remains stable across the lifespan. They are usually convicted of crimes prior to illness onset. By contrast, a large group of violent offenders with schizophrenia show no antisocial behaviour prior to the onset of the prodrome or illness, and then repeatedly engage in aggressive behaviour towards others. A small group of individuals who display a chronic course of schizophrenia show no aggressive behaviour prior to their late thirties or early forties, and then engage in serious violence, often killing, those who care for them.
EARLY START OFFENDERS WITH SCHIZOPHRENIA
Early start offenders with schizophrenia have been defined in different ways-those with a conviction for violence prior to illness onset, those with a history of childhood conduct problems, and those who met criteria for conduct disorder (CD) prior to age 15. When compared with other offenders with schizophrenia, those with a childhood history of conduct problems defined in any of these ways are convicted for more non-violent and violent crimes ( Fulwiler & Ruthazer 1999; Crocker et al. 2005; Mueser et al. 2006) , commit a more diverse array of crimes (Hodgins 2004) , and have criminal histories similar to those of non-mentally ill offenders who also have a childhood history of conduct problems (Hodgins & Cô té 1993; Schug et al. 2007 ). In addition, almost all display a pattern of substance misuse going back to early adolescence ( Fulwiler et al. 1997; Mueser et al. 1999; Tengström et al. 2001; Moran & Hodgins 2004) .
For reasons currently not understood, CD and conduct problems are precursors of schizophrenia. For example, a prospective longitudinal investigation of a large Dutch population sample observed that aggressive behaviour in childhood is associated with thought disorder in adulthood (Ferdinand & Verhulst 1995) . Similarly, a prospective investigation of a US population cohort observed that aggressive behaviour in early adolescence is associated with personality disorders that are genetically linked to schizophrenia (Bernstein et al. 1996) . The prospective studies of children at risk for schizophrenia by virtue of having a close relative with the disorder, usually the mother, observed that a proportion of the males who developed schizophrenia had displayed conduct problems through childhood. The most direct and robust evidence that CD is a precursor of schizophrenia comes from a prospective investigation that followed a New Zealand birth cohort to age 26. Forty per cent of the cohort members who developed schizophreniform disorders had displayed CD prior to age 15 (Kim-Cohen et al. 2003) . In clinical samples of adults with schizophrenia the prevalence of CD is lower. The CD modules of the Structured Clinical Interview for DSM-III-R and IV were designed to diagnose CD prior to age 15 retrospectively. We have used this interview protocol, in some studies supplemented by information from family members, school, social service and justice files, to diagnose CD among adults with schizophrenia. In most samples, the prevalence is approximately 20% among both women and men ), but, for example, in the UK sample of inpatients described above, CD prior to age 15 characterized 42.0% of the men and 22.4% of the women . While these samples of patients with schizophrenia were recruited in general psychiatric services, among patients in forensic services the prevalence of CD is higher, and among those incarcerated it is further elevated .
CD and conduct problems are not only precursors of schizophrenia, but they are also more common among people who develop schizophrenia than in the general population. Recent estimates of the prevalence of CD prior to age 15 range from 7.5% among boys and 3.9% among girls in a large UK cohort (Green et al. 2004) , to 12.0% among boys and 7.1% among girls in a US sample (Nock et al. 2006 ). These prevalence rates are much lower than that observed prospectively in the Dunedin study among the cohort members who developed schizophreniform disorders or among clinical samples of adults with schizophrenia. This more recent evidence is consistent with older findings from a US investigation of a population sample of 20 000 adults, in which higher rates of CD were observed among persons with, than without, schizophrenia (Robins et al. 1991) , and the number of CD symptoms present prior to age 15 was found to be positively and linearly associated with the likelihood of developing schizophrenia (Robins 1993) . The accumulated evidence indicates, then, that the prevalence of CD is higher among people who develop schizophrenia than in the general population, and that the gender difference is less. Thus, not only is the proportion of offenders greater in the population of persons who develop schizophrenia than in the general population, but also is the proportion of offenders who display an early onset and stable pattern of antisocial behaviour.
We conducted an investigation to examine the association of CD prior to age 15 and crime and aggressive behaviour among a sample of 248 men with schizophrenia who were, on average, aged 39.8 years at the time of the study (Hodgins et al. 2005) . They were assessed in the two weeks prior to discharge from hospital using multiple sources of information including complete criminal records. Of them, 52 (21%) men met criteria for CD prior to age 15. Incident rate ratios (IRR) were calculated to estimate the association between CD and the number of convictions for violent crimes. CD diagnosis was associated with an increase of 2.29 (1.31-4.03) in the number of convictions for violent crimes after controlling for lifetime diagnoses of alcohol and/or drug abuse and/or dependence. Each CD symptom present before age 15 was associated with a 1.15 (1.06-1.25) increase in the number of convictions for violent crimes, again after controlling for diagnoses of substance misuse disorders. CD and CD symptoms were also associated with the number of convictions for non-violent crimes as depicted in figure 1. We have replicated these results in the sample of UK inpatients with severe mental illness described previously . In this study, after controlling for sex, age, current alcohol and drug use, CD prior to age 15 was associated with a twofold (odds ratio: 2.5, 1.17-5.36) increase in the number of convictions for violent crimes. Again, after controlling for sex, age and substance misuse, each CD symptom present before age 15 was associated with a slight increase in the number of violent crimes (odds ratio: 1.16, 1.01-1.35). Both CD diagnosis and the number of CD symptoms were also associated with the number of convictions for non-violent crimes. No sex differences in the associations of CD and later offending were detected. The results of these two studies indicate that among individuals who develop schizophrenia, as among those who do not, CD in childhood is a precursor of criminal offending in adulthood. They concur with the results from other studies that used different definitions of childhood conduct problems (Rice & Harris 1995; Fulwiler & Ruthazer 1999; Tengström et al. 2004) .
Both in the general population (Moffitt & Caspi 2001 ) and among people with schizophrenia, not surprisingly, CD is a precursor of aggressive behaviour, as well as violent crime. The same instrument (Steadman et al. 1998 ) has been used in three studies to assess aggressive behaviour among people with schizophrenia and its association with CD. In the UK sample of men and women with severe illness in their late thirties described previously, we found that after controlling for age, sex and current substance misuse, CD diagnosis prior to age 15 was associated with an increased odds of aggressive behaviour towards others in the previous six months (odds ratio: 2.66, 1.24-5.68), as was each CD symptom (odds ratio: 1.29, 1.11-1.50) .
The 248 men with schizophrenia described previously were studied for 24 months following discharge from hospital (Hodgins et al. 2005) . They and an informant were interviewed at six-month intervals to document aggressive behaviour. CD was associated with an increased risk of aggressive behaviour (odds ratio: 2.39, 1.18-4.83) that remained after controlling for current substance misuse and lifetime diagnoses of alcohol abuse/dependence, but fell below significance after controlling for lifetime drug abuse/dependence diagnoses. Each CD symptom present prior to age 15 was associated with an increase in the risk of engaging in aggressive behaviour towards others after controlling for current and past substance misuse (odds ratio: 1.23, 1.09-1.40). We also undertook analyses with this sample to further investigate the role of psychotic symptoms in four six-month periods when patients were living in the community. Symptoms were measured at the beginning of each six-month period, and at the end of the period both collateral informants and patients reported on aggressive behaviour that had occurred in the previous six months. We assessed positive and negative symptoms of psychosis, three paranoid symptoms, as well as depression and anxiety, and changes in levels of these symptoms. In regression models, we first entered the presence or absence of antisocial personality disorder (APD; the adult diagnosis that requires the presence of CD prior to age 15), then current substance misuse measured by both self-report and hair and urine analyses, and then the symptoms and changes in symptoms. In the final model, the risk of aggressive behaviour was increased six times by a diagnosis of APD, and one-and-a-half times by the number of clinically relevant positive symptoms, by the change in the level of positive symptoms and by the presence of anxiety (Hodgins 2008) .
Similar findings emerged from analyses of baseline data collected for a large trial of medications in the USA. While this study used the same instrument to assess aggressive behaviour as did our studies, unlike the study above symptoms were not measured prospectively but at the same time as the aggressive behaviour. More than two or more CD symptoms were found to be associated with aggressive behaviour in the previous six months after controlling for numerous confounds, and, as in our studies, there was no association with substance misuse after taking account of childhood conduct problems. While positive symptoms and depression were positively associated with life-threatening violence, negative symptoms were protective. A combination of above median scores for positive symptoms and below median scores for negative symptoms was associated with a threefold increase in risk of life-threatening violence (Swanson et al. 2006) . Thus, the accumulated evidence indicates that CD is a precursor of schizophrenia in a minority of cases, CD is more common among individuals who develop schizophrenia than in the general population, and among adults with schizophrenia, a diagnosis of CD and the number of CD symptoms present prior to age 15 are associated with violent behaviour through adulthood. While some studies do show that positive symptoms are associated with aggressive behaviour even after taking account of CD, the existing evidence indicates that those with CD are not distinguished from other patients with schizophrenia by symptom profiles (Moran & Hodgins 2004 ). Based on a comparison of the results of a small number of studies, the strength of the association between CD in childhood and violence in adulthood appears to be similar among individuals who develop schizophrenia (Hodgins et al. 2005 Swanson et al. 2006) as it is among those who do not (Siminoff et al. 2004; Loeber et al. 2005) . In addition, the number of CD symptoms prior to age 15 is linearly associated with the development of antisocial personality disorder in adulthood among persons with schizophrenia, as it is in the general population (Robins et al. 1991) .
There is little prospective research on individuals who present conduct problems in childhood and who subsequently develop schizophrenia. The lack of prospectively collected data are not surprising given the challenge of identifying the very small number of individuals with conduct problems many years before they develop schizophrenia. An important finding has emerged from the prospective longitudinal investigation of a birth cohort in Dunedin, New Zealand. As previously noted, and consistent with other epidemiological evidence, the risk of violence was elevated among cohort members who developed schizophreniform disorder by age 26. This association was partially explained by the presence of both aggressive behaviour at ages 7, 9 and 11 and psychotic-like experiences at age 11 (Arseneault et al. 2003) . Most other relevant findings on the childhood characteristics of individuals with conduct problems who develop schizophrenia derive from studies of clinical samples of adults in which data on childhood are collected retrospectively from multiple sources, some objective-school, social service and juvenile justice records, and some subjective-reports from patients, parents and older siblings. For example, in our sample of 248 men with schizophrenia, we compared those with and without CD prior to age 15. More of those with, than without, CD obtained lower than average marks in elementary school, failed to graduate from secondary school, and prior to age 18 abused substances, experienced physical abuse and were institutionalized (Hodgins et al. 2005) . The results of other similar studies concur (Schanda et al. 1992; Fulwiler et al. 1997; Tengström et al. 2001) .
Several studies have reported that rates of mental illness among first-degree relatives did not differ for those with and without CD, while rates of criminality and substance misuse were elevated among fathers and brothers (Mueser et al. 1999; Tengström et al. 2001; Hodgins et al. 2005 Hodgins et al. , 2008 . Older studies had observed higher rates of criminality among the relatives of persons with schizophrenia when compared to the general population. We had hypothesized that it was the relatives of those with CD prior to illness onset who had relatives that engaged in crime (Hodgins et al. 1996b) . Subsequent studies have shown that while greater proportions of parents and siblings of those with, than without, CD prior to illness onset acquired criminal convictions, the differences between the two groups are not always statistically significant. As there are no studies that compare individuals with childhood CD who do and do not develop schizophrenia, it is not possible to compare family liability in the two groups. It is known, however, that among children with CD those who go on to become persistent offenders are distinguished from the others by having more relatives who present externalizing disorders (Odgers et al. 2007) .
We and others (Joyal et al. 2003; Stirling et al. 2005) have proposed that among men with schizophrenia, those with early onset persistent antisocial behaviour display fewer brain abnormalities than those without a history of antisocial behaviour. This proposition is based on evidence from studies that compare violent and non-violent patients with schizophrenia--only a few of which distinguish early starters (for a review see Naudts & Hodgins 2006) , and from studies that compare patients with schizophrenia with and without co-occurring substance misuse disorders (for a review, see Potvin et al. 2008) . Results suggest that among patients with schizophrenia, those who present an early onset stable pattern of antisocial behaviour perform better on tests tapping specific executive functions (Wisconsin Card Sorting Test, Trail Making Test, WAIS, Trigram Test, Control Oral Word Association Test), more poorly on assessments of orbitofrontal functions, show fewer neurological soft signs, display larger reductions in volume of the amygdala, more structural abnormalities in the orbitofrontal system, more abnormalities of white matter in the amygdalaorbitofrontal system, and smaller reductions of the hippocampus. Thus, early start offenders with schizophrenia may be distinguished by better executive functioning, higher verbal skills and greater impulsivity than other men with schizophrenia. This evidence, however, derives from studies that examined small poorly characterized samples, and that used definitions of violence and measures of brain function and structure that varied markedly. There is only one functional magnetic resonance imaging (fMRI) study that has examined men with schizophrenia and compared those with and without CD ( Joyal et al. 2007 ). The results of this investigation concur with the conclusions of the literature review in showing dysfunction in the orbital prefrontal cortex among those with prior CD. Dysfunction in this brain region has been associated with antisocial behaviour, and specifically with impaired inhibition, attention and lower order executive functions (Damasio 2000) . Thus, cognitive impairment-a core feature of schizophrenia that strongly impacts on psychosocial functioning-may distinguish individuals who display an early onset and stable pattern of antisocial behaviour from others with the illness.
We speculate that individuals with CD who are developing schizophrenia may be characterized by lower levels of anxiety, heart rate and cortisol, similar to other children and adolescents with CD (Lorber 2004; Susman 2006; Van Goozen et al. 2007 ).
Consequently, changes in brain function and structure resulting from the toxic effects of chronically elevated levels of cortisol and an overactive hypothalamicpituitary-adrenal (HPA) axis would be less among those with, than without, CD. Consistent with this notion, one study recently reported that individuals with schizophrenia spectrum disorders and antisocial personality disorder (which requires CD prior to age 15) showed lower skin conductance orienting and arousal than individuals with only antisocial personality disorder or only a schizophrenia spectrum disorder (Schug et al. 2007 ).
IMPLICATIONS FOR THE AETIOLOGY OF SCHIZOPHRENIA AND CD
The accumulated evidence suggests that among persons with schizophrenia, CD is directly associated with criminal offending and substance abuse that begins in adolescence and persists across the lifespan but not with the presentation of the illness. These findings may be interpreted to suggest that among persons with schizophrenia, CD is a distinct co-morbid disorder and not a consequence of abnormalities associated with the developing schizophrenia. Elevated rates of criminality and substance misuse among firstdegree relatives would possibly suggest a distinct aetiology for CD. However, the robust finding that the prevalence of CD is higher among people who develop schizophrenia than in the general population indicates that there is a link between the two disorders.
Heritability estimates for schizophrenia are high, usually over 80% (Gottesman 1993) . Presently, it is thought that this brain disorder develops as a result of many genes, each of which confers vulnerability, that is further enhanced by untoward events that occur during pregnancy, at birth, in early childhood and adolescence ( Mueser & McGurk 2004) . We have developed hypotheses to guide future research aimed at furthering understanding of the aetiological processes leading to the development of individuals with CD in childhood and adolescence and schizophrenia in adulthood.
(a) Hypothesis I Individuals at genetic risk for schizophrenia are at increased risk to be exposed to environmental factors known to contribute to an early onset and stable pattern of antisocial behaviour.
There is robust evidence showing that an early onset and stable pattern of antisocial behaviour is also hereditary, with estimates of heritability at approximately 50% (Krueger et al. 2002; Moffitt 2005) . Behavioural genetic studies concur in showing that both shared and non-shared environments contribute to antisocial behaviour, particularly in childhood (Krueger et al. 2002; Moffitt 2005) . The non-genetic factors, both of those that characterize families and parents and those that characterize children, that are associated with the development of persistent antisocial behaviour may be more common among children at genetic risk for schizophrenia and their families than in the general population. Consider first factors that are active during pregnancy and at birth. There is considerable evidence indicating that among people Review. Violence among people with schizophrenia S. Hodgins 2511 who develop schizophrenia, foetal neural development is disrupted in the first trimester, at the end of the second trimester and at birth (Takei et al. 1995; Lane et al. 1997; Ismail et al. 2000; Buka et al. 2001; Cannon et al. 2002b) . In studies of general population samples, obstetrical complications coupled with family problems , maternal smoking (Räsänen et al. 1999; Maughan et al. 2004) and drinking (d 'Onofrio et al. 2007 ) during pregnancy have been associated with conduct problems among the offspring. All of these factors are more common among people with schizophrenia than in the general population. Only one study, to our knowledge, has assessed the association between obstetrical complications and an early onset pattern of antisocial behaviour and violence among persons with schizophrenia. In a large birth cohort, complications in the neonatal period were found to be associated with an increased risk (odds ratio: 2.79, 1.71-4.56) for violent criminal offending .
Many studies have identified characteristics of families and parents which contribute to the initiation and maintenance of antisocial behaviour. These include socioeconomic status of the family, mother's age, level of education and mental health, parenting practices, physical abuse of the child, family conflict and changes in carer (Moffitt & Caspi 2001) . These characteristics have all been associated with the development of schizophrenia ( Jones et al. 1994; Tienari et al. 1994; Cannon et al. 2002a; Walker et al. 2004; Read et al. 2005; Morgan et al. 2007 ). Furthermore, studies have shown that both mothers and fathers who themselves display antisocial behaviour engage in parenting practices that contribute to conduct problems among their offspring (Lahey et al. 1988; Frick et al. 1992; Caspi et al. 2004; Jaffee et al. 2004) . Largely owing to the difficulty in identifying children who will later develop schizophrenia, there are almost no studies of parenting practices in this population. Thus, although highly speculative at this stage, we propose that individuals with CD prior to the onset of schizophrenia would experience insults in the pre-and perinatal periods resulting from maternal behaviour, and poor attachment to parents, poor parenting especially inadequate and inappropriate supervision, harsh and inconsistent discipline, and a lack of appropriate models for coping with stress.
(b) Hypothesis II Brain and neuroendocrine abnormalities present among children who are developing schizophrenia render them vulnerable for antisocial and aggressive behaviour.
Adults with schizophrenia display both structural and functional brain abnormalities (Miyamoto et al. 2003; Mueser & McGurk 2004) , some of which are observed at illness onset prior to the use of antipsychotic medication (Pantelis et al. 2005) . Post-mortem studies of brains of individuals with schizophrenia, studies of obstetrical complications, studies of the consequences of disturbances in utero such as minor physical anomalies, and neurocognitive assessments in childhood of individuals who subsequently developed schizophrenia all suggest that brain abnormalities are present before illness onset (Rapoport et al. 2005) . In addition, recent evidence shows that the increase in symptoms of anxiety that precedes onset in most cases is reflected in an overreactive HPA axis as indicated by levels of cortisol and increased pituitary volumes (Garner et al. 2005; Pariante et al. 2005) .
Individuals who present an early onset and stable pattern of antisocial behaviour are characterized by deficits in performance in neuropsychological tests and specific features of temperament and behaviour that are observed as early as 3 years of age (Moffitt & Caspi 2001) , and lower than average heart rate and cortisol levels (Moffitt & Caspi 2001; Lorber 2004; Loney et al. 2006; Susman 2006; Van Goozen et al. 2007) .
Children with conduct problems also present marked abnormalities in the recognition of emotions in the faces of others. For example, in one study they reported neutral faces to be hostile, consistent with their behaviour that suggests they constantly feel threatened by others (Dadds et al. 2006; Frick & Marsee 2006) . The small subgroup of children with CD who also present callous-unemotional traits fail to recognize fear in the faces and voices of others (Blair et al. 2006) .
In a sample of treatment-resistant patients with schizophrenia, a history of arrest was found to be associated with poor recognition of emotions, most particularly fearful faces, after adjusting for age, education, duration of illness and symptom severity. The number of arrests for violent crimes was associated with the misinterpretation of faces as fear or sadness, while aggressive behaviour was associated with misinterpreting faces as angry ( Weiss et al. 2006) . Adults with schizophrenia display deficits in the recognition of emotions in the faces of others (Schneider et al. 2006) that are present at illness onset and in the prodromal phase (Addington et al. 2008) . Studies have also shown that the deficit characterizes many of their healthy siblings leading to the suggestion that it may signal the presence of one or more susceptibility genes for schizophrenia (Bediou et al. 2007 ). If such a deficit were present in childhood, it might contribute to conduct problems. For example, the failure to recognize anger in the face of adults would deprive the child of information that their behaviour was inappropriate, the failure to recognize fear in others would be associated with a lack of empathy and understanding of others (Blair et al. 2006) , and a general failure to recognize emotions would be associated with problems with peers (d'Acremont & Van der Linden 2007).
Longitudinal prospective investigations suggest that children vulnerable for schizophrenia display motor delays, neurological signs, receptive language deficits and lower than average IQ scores (Cannon et al. 2002a; Cannon & Clarke 2005; Laurens et al. 2007a) . These characteristics may limit learning not to be aggressive that occurs from toddlerhood through middle childhood (Broidy et al. 2003) .
NEXT STEPS
We hypothesize that there are two distinct developmental trajectories leading to schizophrenia. The first most common pathway is characterized by emotional problems, usually anxiety, and a growing sensitivity to stress through adolescence. The second less common pathway is characterized by conduct problems and a reduced sensitivity to stress. In order to test this hypothesis, we wanted to identify children at risk for schizophrenia. Historically this has always been done by identifying children with an affected relative, usually the parent. Such a strategy, however, is limited in that the majority of adults with schizophrenia do not have an affected relative (Gottesman 1993) . Consequently, we have attempted to develop a procedure for identifying at-risk children in the community. Based on a detailed review of the prospective investigations of children with an affected relative and of population cohorts that have identified the childhood characteristics of individuals who developed schizophrenia, we established a list of antecedents that had been replicated. We added to this list psychotic-like experiences that had been found by one prospective study to characterize 11-year-old children who subsequently developed schizophreniform disorder (Poulton et al. 2000) . We defined a triad of antecedents of schizophrenia to include the following: (i) a carer report of motor and/or speech delay or abnormality, (ii) a child report in the clinical range for internalizing problems on the Strengths and Difficulties Questionnaire (SDQ) or a carer report in the clinical range for externalizing and peer problems of the SDQ, and (iii) a child report of at least one 'certain' psychotic-like experience.
Based on analyses of the first 548 children and carers screened, we found that 9.2% of the boys and 4.1% of the girls met criteria for the triad of antecedents (Laurens et al. 2007a) . Furthermore, just as the prevalence of schizophrenia is elevated among persons of African-Caribbean heritage living in the UK, we found that the prevalence of the triad of antecedents was also significantly elevated among children of African-Caribbean heritage (Laurens et al. 2007b) . Among the children who presented the triad of antecedents, there are distinct groups. Among the boys, 27.3% obtained scores within the clinical range of the SDQ for emotional problems but not for conduct problems, 36.4% obtained scores within the clinical range of the SDQ for conduct problems but not for emotional problems; 2.3% obtained scores within the clinical range of the SDQ for both emotional and conduct problems; and 34.1% obtained scores within the clinical range of the SDQ on another subscale, most commonly that assessing problems with peers. The comparable figures for the girls are 54.5, 18.2, 12.1 and 15.2%. Until these children pass through the age of risk for schizophrenia, we will not know how many develop the illness.
We have now screened more than 4000 children in the age group of 9-11 years, and the prevalence of the triad of antecedents remains stable. Presently, we are examining a sample of children who present the triad of antecedents, some of whom also have an affected relative and some who do not, children with an affected relative and children who have neither the antecedents of schizophrenia nor an affected relative. The children and their carers complete a diagnostic interview, the carer provides information about the family and carers, and the children complete neuropsychological tests, structural and functional brain imaging and a session to measure event-related potentials.
In addition, we are conducting further studies of adults with schizophrenia who have a history of CD in order to refine our understanding of their distinguishing features, including neurological soft signs, performance on neuropsychological tests, structural brain abnormalities and response to antipsychotic medication.
TYPE II OFFENDERS WITH SCHIZOPHRENIA
Type II offenders with schizophrenia present no history of antisocial or aggressive behaviour prior to illness onset. Thereafter, they repeatedly engage in aggressive behaviour towards others. Such a pattern of aggressive behaviour that onsets in adulthood is very rare, as almost all persistently violent offenders have a long history of antisocial and aggressive behaviour stretching back into childhood (Loeber et al. 2005; Moffitt 2006) . When a pattern of aggressive behaviour onsets in adulthood, it is usually associated with some form of brain disorder (see for example, Hodgins et al. 1996a ). In the sample of 248 men with schizophrenia, which we recruited from forensic and general psychiatric hospitals, we compared the offenders who did not have a childhood history of antisocial behaviour, i.e. our Types II and III, with those who did, Type I. Those without antisocial behaviour prior to illness onset, compared with those with prior CD, included similar proportions with at least one conviction for a violent crime, but, on average, they had acquired fewer convictions for violent crimes and many fewer convictions for non-violent crimes. Importantly, however, a greater proportion of patients without antisocial behaviour prior to illness onset had been convicted for a homicide (23.9%) when compared with patients with prior CD (10.4%) (X 2 (NZ186)Z3.99, pZ.046). As would be expected, patients with no history of antisocial behaviour prior to illness onset were significantly older at first conviction for a violent crime than were those with prior CD.
There are few studies of patients with schizophrenia, no history of antisocial behaviour prior to illness onset, who repeatedly engage in aggressive behaviour towards others. Some evidence (Mueser et al. 1999 (Mueser et al. , 2006 suggests that they may be particularly vulnerable to illicit drug use and that drug use may be directly associated with their violent behaviour. In the study described above, we found no differences in the prevalence of lifetime diagnoses of alcohol abuse and/ or dependence or drug abuse and/or dependence among patients with and without antisocial behaviour prior to illness onset. Similarly, in our study of the UK inpatient sample, we found no difference in levels of substance misuse between those with and without a CD prior to age 15. Although half of the patients in this study presented a substance misuse problem, in the subsequent 2 years, 3% of the men and 5% of the women received a treatment targeting this problem. Yet, there are effective treatments for substance misuse among persons with schizophrenia (Green et al. 2007) . Drug use by patients with schizophrenia puts them at risk for violence in several different ways. With
Review. Violence among people with schizophrenia S. Hodgins 2513 impaired social cognition, such patients make contact with antisocial offenders who congregate in high-crime areas with high levels of violence in order to purchase illicit drugs and use up their limited financial resources that may subsequently impact on nutrition. The use of either alcohol and/or illicit drugs further contributes to limiting their psychosocial functioning generally and to increasing their cognitive impairments. It usually also limits their engagement with services and their compliance with medication. Furthermore, the consequences of different substances on an already malfunctioning brain, and most specifically on the fragile dopaminergic and serotonergic systems, may lower the threshold for engaging in aggressive behaviour. Understanding of the links between substance misuse and violence among persons with schizophrenia with no history of antisocial behaviour prior to illness onset is a priority for future research.
While substance use by persons with schizophrenia has attracted a great deal of attention, no studies to our knowledge have examined the links between the progressive brain changes that characterize the illness and aggressive behaviour. Furthermore, studies have not been undertaken to understand if individual reactions to these brain changes, and/or to illness onset, are linked to violence. Patients with schizophrenia who repeatedly engage in aggressive behaviour in the absence of a prior history of such behaviour represent a distinct subgroup. Further research is needed to identify the processes leading to the aggressive behaviour and treatments to end it.
TYPE III OFFENDERS WITH SCHIZOPHRENIA
These are men in their late thirties with chronic schizophrenia and no history of antisocial or aggressive behaviour who kill, or try to kill, someone, often a carer. Among men with schizophrenia, the number of convictions for violent offences decreases with the age at first conviction (Hodgins 2004) . But this is not true of homicide. Homicides are often committed by patients with schizophrenia who have no history of violence or of antisocial behaviour (Beaudoin et al. 1993; Erb et al. 2001) . We know of only one study that has examined this type of offender. It was based on the large amount of research showing that callousness is associated with aggressive behaviour. Using the sample of 248 men with schizophrenia described above, we found that clinical ratings of deficient affective experience (shallow affect, callousness, lack of remorse and a failure to accept responsibility for one's own actions) was associated with violent offending and with negative symptoms, but not with CD or substance misuse (Sunak 2006) . Similarly, in a study of persistently aggressive inpatients, three distinct groups were identified, one of which was characterized by a lack of remorse (Nolan et al. 2003) . We hypothesize that among patients with schizophrenia, deficient affective experience may be a state that fluctuates as do psychotic symptoms, and that when present it increases the vulnerability for aggressive behaviour towards others.
CONCLUSION
The available evidence indicates that schizophrenia is associated with an increased risk for non-violent and violent crime and for aggressive behaviour towards others. Offenders with schizophrenia constitute a heterogeneous population. Developing a typology of offenders with schizophrenia that is relevant to aetiology and treatment will provide a framework for investigating causal mechanisms and for studies of the effectiveness of treatment packages that address the characteristics of each type of offender.
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ENDNOTES
1 The term schizophrenia is used to refer to both schizophrenia and schizoaffective disorder. 2 The term violence is used to refer to physical aggression towards another person that may or may not lead to criminal prosecution. The terms violence and aggressive behaviour are used interchangeably. 3 The term antisocial behaviour is used to refer to a wide array of behaviours that break social norms, rules and laws, and that by definition includes substance misuse.
